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Please check that this examination paper consists of SEVEN pages of printed 
material before you begin the examination. 
 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH muka surat 
yang bercetak sebelum anda memulakan peperiksaan ini.] 
  
 
Instructions: Answer LIMA (5) questions. 
 
[Arahan: Jawab semua lima (5) soalan.] 
 
 
In the event of any discrepancies, the English version shall be used. 
 
[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi 
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1. (i) Transform the following ordinary differential equation 
 
y’’(t) + 0.25 y’(t) + 4 y(t) = 2 cos 3t 
          
          with initial values 
          
y(0) = 1,   y’(0) = -2 
          
 into a system of first order ordinary differential equations. 
         
(ii) The behaviour of the solution to a linear system of first order ordinary 
equations depend on the eigenvalues. Classify the behaviours according to 
the values of the eigenvalues 
         
(iii)  For the following systems, find the equilibrium points and the general 
solutions. Also, draw the phase portraits. 
          
  (a) 
1 0

















   
 
x x    
     
[100marks] 
 
1.  (i)  Tukarkan persamaan pembezaan biasa berikut 
 
           y ‘’ (t) + 0.25 y ‘(t) + 4 y (t) = 2 cos 3t 
          
           dengan nilai awal 
          
           y (0) = 1, y (0) = -2 
          
          ke bentuk sistem persamaan pembeza biasa peringkat pertama. 
         
(ii)  Kelakuan penyelesaian untuk sistem linear persamaan pembeza peringkat 
pertama bergantung kepada nilai eigen. Kelaskan kelakuan penyelesaian 
mengikut bentuk nilai eigen 
         
(iii)  Untuk sistem-sistem berikut, carikan titik keseimbangan dan penyelesaian 





















   
 
x x  
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[100markah] 
 
2. (i) The following system contain a parameter α 







x x  
 
           (a) Determine the eigenvalues in terms of α 
 
           (b) Find the critical value of α where the behaviour of the solution 
changes 
 
(c) Sketch the phase portrait slightly above and slightly below the 
critical value of α 
              
(ii)  For a linear system, which geometric types of the critical point are 
structurally stable? 
       
(iii)  For an autonomous non-linear system, under what condition does the 
linearized system correctly classiﬁes the crititcal point ? 
       
       (iv)   Given the nonlinear system 
           
             x1'=(1-x2)(2x1-x2) 
 
              x2'=(2+x1)(x1-2x2) 
             
             sketch the phase portrait.  
[100marks] 
 







x x  
 
              (a)  Tentukan nilai eigen dalam sebutan α 
 
(b)  Cari nilai kritikal α di mana terdapat perubahan kelakuan 
penyelesaian 
 
(c)  Lakarkan potret fasa untuk nilai α sedikit ke atas dan sedikit ke 
bawah nilai kritikal 
              
(ii)  Bagi sistem linear, apakah jenis geometri titik kritikal stabil secara 
struktur? 
       
(iii)  Bagi sistem autonomi tak linear,  apakah keadaan agar sistem yang di 
linearkan dapat mengkelaskan titik crititcal secara betul? 
       
       (iv)  Diberi sistem tak linear 
          
   x1'=(1-x2)(2x1-x2) 
 
             x2'=(2+x1)(x1-2x2) 
                             …4/- 
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lakaran potret fasa. 
[100markah] 
3. (i) For a nonlinear autonomous system 
        
             x1'=f1(x1,x2) ,    x2'=f2(x1,x2), 
             
what is meant by the x1- nullcline and the x2-nullcline? What is the 
relationship between the nullclines and the equilibrium points?   
           
       (ii) Let f(x) = x,    -L < x < L 
f(-L) = f(L) = 0 
 
             Let f(x) be defined elsewhere so that it is periodic with period 2L. 
             Find the Fourier series for this function. 
            
      (iii)  In a two-point boundary value problem, give an example each of 
 
           (a)  Dirichlet boundary condition 
 
           (b)  Neumann boundary condition 
 
           (c)  Robin boundary condition 
            
(iv)  Find the eigenvalues and the corresponding eigenfunctions of the following 
boundary value problem 
      
  
   
 
   
"      0
0   0
' 1   1   0









3. (i)  Bagi sistem autonomi tak linear        
               x1'=f1(x1,x2) ,    x2'=f2(x1,x2),             
apa yang dimaksudkan dengan x1 - nullcline dan x2 -nullcline? Apakah 
hubungan di antara nullcline dan titik keseimbangan? 
           
       (ii)  Biarkan  f(x) = x,    -L < x < L 
                  f(-L) = f(L) = 0 
 
Anggap f (x) ditakrifkan di tempat lain supaya ia adalah berkala dengan 
kala 2L. 
             Carikan siri Fourier untuk fungsi ini. 
            
(iii)  Dalam masalah dua titik nilai sempadan, berikan satu contoh setiap kes 
berikut 
 
           (a)  Syarat sempadan Dirichlet 
 
           (b)  Syarat sempadan Neumann 
 
           (c)  Syarat sempadan Robin 
                       …5/- 
[MAT 222] 
- 5 - 
 
   
   
(iv)  Carikan nilai eigen dan fungsi eigen sepadan bagi masalah nilai sempadan 
berikut 
      
         
   
 
   
"      0
0   0
' 1   1   0









4.     (i)  What is meant by the general Sturm-Liouville boundary value problem? 
 
       (ii)  Expand the function 
        f(x) = x              0 ≤ x ≤ 1 
         
        in terms of the normalised eigenfunctions n (x) of the problem 
        "     0y y   ,      y(0) = 0,     y(1) = 0 
         
       (iii)  Under what conditions do the Fourier series of a function f(x) converge? 
       
       (iv)  Given the Chebyshev equation 
       
        (1-x2)y''-x y'+λy = 0, 
        
        (a)  show that the equation can be written as 
       
         -1[(1-x2)1/2 y']' =λ(1-x2)-1/2 y,             -1<x<1 
         
        (b)  Given that the boundary condition 
 
         y, y’ bounded as  -  +1x   
         y, y’ bounded as  -  1x    
         
              show that the boundary value problem is self-adjoint 
[100marks] 
 
4.  (i)  Apakah yang dimaksudkan dengan masalah am nilai sempadan Sturm- 
 Liouville? 
 
       (ii)  Kembangkan fungsi 
        f(x) = x              0 ≤ x ≤ 1 
       
        dalam sebutan fungsi eigen normal n (x) kepada masalah berikut 
       "     0y y   , y (0) = 0, y (1) = 0 
       
      (iii)  Apakah keadaan agar siri Fourier bagi fungsi f (x) menumpu? 
       
       (iv)  Diberi persamaan Chebyshev 
       
        (1-x2)y''-x y'+λy = 0, 
                      …6/- 
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       (a)  tunjukkan bahawa persamaan boleh ditulis seperti 
       
         -1[(1-x2)1/2 y']' =λ(1-x2)-1/2 y,             -1<x<1 
       
(b)  Diberi bahawa keadaan sempadan 
 
,  'y y  terbatas apabila  -  +1x    
,  'y y  terbatas apabila   -  1x   , 
       




5. (i) Consider the heat conduction problem 
 
  uxx=ut,         0 < x < 30, t > 0 
  u(0,t) = 20,     u(30,t) = 50,    t > 0 
  u(x,0) = 60 - 2x,       0 < x < 30 
   
           Show that the solution can be written as 
          
           u(x,t) =   
            
with 
            










            
       (ii)     Given the wave equation 
 
        c2 uxx=utt, 
         
                 and making the variables change 
                   
ζ = x - ct,     η = x + ct 
                   
show that the wave equation can be written as 
                 
uζη=0 
               
          Hence show that the general solution of the wave equation can be written as 
            
u(x,t) = ϕ(x - ct) + ψ(x + ct) 
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5. (i)  Pertimbangkan masalah pengaliran haba 
 
              uxx=ut,         0 < x < 30, t > 0 
  u(0,t) = 20,     u(30,t) = 50,    t > 0 
  u(x,0) = 60 - 2x,       0 < x < 30 
 
           Tunjukkan bahawa penyelesaian boleh ditulis sebagai 
          
u(x,t) =   
 
dengan 
      










          
      (ii)  Diberi persamaan gelombang 
       
        c2 uxx=utt, 
         
dan membuat perubahan pembolehubah  
           
ζ = x - ct,     η = x + ct 
       
        tunjukkan bahawa persamaan gelombang boleh ditulis sebagai 
         
uζη=0 
       
Dengan ini, tunjukkan bahawa penyelesaian am bagi persamaan gelombang 
boleh ditulis seperti 
       
        u(x,t) = ϕ(x - ct) + ψ(x + ct) 
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